Indazolone derivatives exhibit a wide range of biological and pharmaceutical properties. We report a rapid and efficient approach to provide structurally diverse 2-N-substituted indazolones via photochemical cyclization in aqueous media at room temperature. This straightforward protocol is halide compatible for the synthesis of halogenated indazolones bearing a broad scope of substrates, which suggests a new avenue of great importance to medicinal chemistry.
The indazolone ring system constitutes the core structural element found in a large family of nitrogen heterocycles as exemplied by those shown in Scheme 1. 1 Indazolone derivatives have been receiving much attention due to their promising pharmacological activities. Given the unique bioactive core skeleton, indazolone derivatives exhibit a wide range of biological and pharmaceutical properties such as antiviral and antibacterial activities (1-4), 2 new prototypes for antichagasic drugs (5) , 3 antihyperglycemic properties (6), 4 TRPV1 receptor antagonists for analgesics (7) , 5 anti-ammatory agents (8) , 6 angiotensin II receptor antagonists (9), 7 highly potent CDKs inhibitors for anticancer (10) 8 and so on. 9 The privileged indazolone structures have high potential as core components for the development of related compounds leading to medicinal agents.
Due to their versatility in pharmaceutical applications, many synthetic approaches have been developed for the construction of indazolone skeletons (Scheme 2), including CuO-mediated coupling of 2-haloarylcarboxylic acids with methylhydrazine, 10 cyclization of N-aryl-o-nitrobenzamides through Ti(VI) reagent or Zn(II) reagent, 11 Cu(I)-mediated intramolecular C-N bond formation or a base-mediated intramolecular SNAr reaction of 2-halobenzohydrazides, 12 Cu(I)-catalyzed oxidative C-N crosscoupling and dehydrogenative N-N formation sequence, 13 Rhcatalyzed C-H activation/C-N bond formation and Cucatalyzed N-N bond formation between azides and arylimidates, 14 Friedel-Cras cyclization of N-isocyanates using Masked N-isocyanate precursors, 15 PIFA-mediated intramolecular oxidative N-N bond formation by trapping of Nacylnitrenium intermediates, 16 and recently reported reaction of o-nitrobenzyl alcohol with primary amines in basic conditions. 17 These approaches are complementary providing avenue to access various substitution patterns, 18 however most methods rely on the requirements for transition-metal catalysts.
Scheme 1 Biologically active molecules containing indazolone skeletons.
Scheme 2 Representative approaches for the preparation of indazolone skeletons.
In fact, the procedures for synthesis indazolone skeletons from Friedel-Cras cyclization of N-isocyanates and Davis-Beirut derived reaction still suffer from harsh reaction conditions such as high reaction temperature (i.e. more than 150 C or 20 equiv. of KOH at 100 C for 24 h). 15,17b Very recently, one photochemical route was reported for preparation of indazolone skeletons from o-nitrobenzyl alcohols and primary amines, 19 however, this approach still need long reaction time (24 hours) and halogen substituted substrate could not be compatible in the reaction conditions. 19b Thus, the efficient and general methods tolerating a wide scope of readily available starting materials for synthesis of indazolones without a transition-metal catalyst involved are still in great demand.
o-Nitrobenzyl alcohol derivatives have shown many applications in material science and chemical biology area as a photolabile protecting group (Scheme 3a). 20 Upon UV light-activation, o-nitrobenzyl alcohol derivatives generate corresponding arylnitroso compounds via photoisomerization. 21 Based on the distinguishing feature of highly reactive of these photogenerated intermediates, we assumed that the reaction conditions would be crucial for the photoisomerization, 20,22 thus the reactive intermediates should spontaneously and rapidly form indazolone structures via cyclization in the presence of primary amines in suitable reaction conditions (Scheme 3b). Herein, we report a rapid and efficient approach to provide structural diversity 2-N-substituted indazolones via photochemical cyclization in aqueous media at room temperature. This photochemical cyclization reaction is halide compatible for synthesis of halogen substituted indazolones, bearing a broad scope of substrates. This straightforward protocol for rapid construction of halogenated indazolone architectures suggests a new avenue of great importance to medicinal chemistry.
The initial investigation to develop a method for synthesis of indazolone derivatives via photochemical cyclization started with 4-(hydroxymethyl)-3-nitro-N-propylbenzamide 11 and heptan-1-amine 12 upon UV light-activation in methanol, smoothly leading to the formation of indazolone 13 in 52% yield (Table 1, entry 1) in 3 hours. A survey of different solvents such as THF, n-BuOH and acetonitrile revealed that acetonitrile was most suitable for the reaction, providing the best results than other solvents (entry 2-4). To our delight, the photochemical cyclization reaction gave better yield in an aqueous media (entry 5), while in a 3 : 1 CH 3 CN/PBS aqueous mixture, the reaction afforded lower yield (entry 6). Interestingly, aqueous media of n-BuOH/H 2 O rapidly furnished the indozolone product with best yield (entry 7 vs. entry 8-14) aer a survey of different aqueous media. The effectiveness of different light source was investigated (entry 7, 15-16), the light with 365 nm resulted in the best yield than others. Further exploration of temperature and the ratio of 11/12, the reaction provide product in a modest yields (entry 17-18). In addition, not much variation in the yield was observed (entry 19) by prolonging the reaction time. The reaction afforded with only 19% yield in 3 hours using the PBS as reaction media (entry 20). On the other hand, with the excess of primary amine 12 in the reaction system, we could get product with 46% yield (entry 21), possibly due to photogenerated intermediate aryl-nitroso is highly reactive and not stable. These results indicated that the reaction media and the ratio of 11/12 are important for the reaction. Taken together, these results demonstrated that the photochemical cyclization reaction rapidly provided 2-N-substituted indazolone with high yield only need 3 hours at the optimal conditions up on UV light-activation.
With the optimal conditions in hand, we investigated the generality for the scope of o-nitrobenzyl alcohols and primary amines ( Table 2 ). In the photochemical cyclization reaction conditions, the substitution on the benzene ring was well tolerated. o-Nitrobenzyl alcohols with either electron-Scheme 3 Synthesis of indazolone derivatives via photochemical cyclization. withdrawing groups (such as propylcarbamoyl, triuoromethyl group) or electron-donating groups (such as methoxy, hydroxymethyl group) reacted with primary amines smoothly furnished indazolones in good yields (16a-16d, 56-77%). o-Nitrobenzyl alcohols participated in the reaction with various aliphatic amines afforded good yields (16e-16h, 55-80%). Bulky tert-butylamine reacted readily with the propylcarbamoyl substituted o-nitrobenzyl alcohol to give 16g in 55% yield, which is a signicant advantage since this product cannot be accessed via N-alkylation of unsubstituted indazolones. Benzylic amine produced the desired products in a moderate yields (16i-16k, 43-58%). Finally propargylamine afforded indazolone 16l with 22% yield. Many drug candidates and drugs are halogenated structures. In drug discovery, insertion of halogen atoms on hit or lead compounds was predominantly performed, with the aim to exploit their steric effects and structure-activity relationship, to form halogen bonds in ligand-target complexes, to optimize the ADME/T property. 23 Given the versatility of halogen atom on bioactive molecules, we next investigated the halogen substituted o-nitrobenzyl alcohols as starting materials for construction of indazolone skeletons (Table 3) . To our delight, the reaction of the chloride substituted o-nitrobenzyl alcohols with benzylic amine provided indazolones in good yields (17a, 17c) as well as bromide substituted o-nitrobenzyl alcohol (17b). Variation of the iodine, chloride and uoride substituents on the ring of the o-nitrobenzyl alcohol also rapidly and efficiently afforded modest to good yields (17d-17i). We then performed the reaction of a variety of primary amines including aliphatic amines and aromatic amine. Various aliphatic amines gave the corresponding alkyl indazolones in good yields (17j-17n). We were delighted to nd that aromatic amine (4-ethoxyaniline) gave 17o in 44% yield. In contrast, the aromatic amine gave low yield in recently reported Davis-Beirut derived reaction 17b as well as aniline failed to give product in the recently reported photochemical approach (see ESI, Fig. S1 †) . 19b Of note, in the recently reported photochemical approach, the reaction of chloride substituted o-nitrobenzyl alcohol with alkylamine gave indazolone with low yield, possibly because photocleavage of aryl halide bond is involved in that reaction conditions. 19b These outcomes are signicant in view of the challenges in construction of indazolone skeletons, in which additional halogen substitution on substrates is incompatible for indazolones synthesis. 10,19b Importantly, our reaction condition is compatible with halide substrates, suggests a new protocol of importance to photochemical reactions, in which dehalogenation of aryl halide is known to be radical-mediated and exist in some reaction conditions. 24 With developed and optimized protocol, we rapid synthesis of indazolones 1 and 2 with antiviral and antibacterial activities with good to excellent yields, 2 in aqueous media at room temperature for 3 hours (Scheme 4), respectively. This rapid and efficient access to the privileged indazolone architectures will have great usefulness in medicinal chemistry. Fig. S2 †) . The proposed mechanism for this photochemical cyclization begins by generation of the aryl-nitroso compound which can rapidly undergo cyclization with primary amines, subsequent for dehydration and tautomerization (see ESI, Fig. S3 †) . 17 In summary, we report a photochemical cyclization approach to provide 2-N-substituted indazolones up to 99% yield with structural diversity from the reaction of o-nitrobenzyl alcohols and primary amines in aqueous media at room temperature. This photochemical cyclization reaction is rapid and halide compatible for synthesis of halogenated indazolones, bearing a broad scope of substrates, while previous reported photochemical reaction has met less success. 19b In addition, our reaction condition is compatible with halide substrates, suggests a new protocol of importance to photochemical reactions, in which photocleavage of aryl halide bonds is exist in some reaction conditions. The current transformation enabling rapid and efficient access to the privileged indazolone architectures has great usefulness in medicinal chemistry and diversity-oriented synthesis, thus will provide promising candidates for chemical biology research and drug discovery.
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